INTRODUCTION
The relationships between species that inhabit the fragments of the former supercontinent Gondwana have fascinated historical biogeographers from the early days of the science of biogeography (Hooker, 1860) to the present (Sanmartín & Ronquist, 2004) . Classic case studies in Gondwanan vicariance biogeography include the southern beeches ( Nothofagus ), pines of the genus Araucaria , waratahs (Proteaceae: Telopea and related genera), ratite birds, and chironomid midges (for a review of these and other examples, see Humphries & Parenti, 1999) . Although these examples represent the core of what is known about Gondwanan biogeography, many of these groups are good dispersers and, in some cases, species have rather wide distributions. In the case of Nothofagus , perhaps the most intensely studied of these groups, the clade does not occur, nor has it a fossil record in several Gondwanan landmasses (Africa, Madagascar, India) . Nothofagus has been regarded as a transPacific rather than Gondwanan group (Craw, Grehan & Heads, 1999) , dispersal may account for taxa in New Caledonia or New Guinea (Swenson et al ., 2001) , and its cladograms make few informative statements about the relationships of the southern continents (Nelson & Ladiges, 2001 ). Cladistic biogeography is facilitated by studying organisms with ancient distributions, low dispersal potential, and narrow distribution ranges.
One potential issue when using organisms with narrow distributions emerges from the way that biogeographical regions are treated in cladistic biogeographical analyses. For example, in the most comprehensive analysis of Gondwanan biogeography (Sanmartín & Ronquist, 2004) , 12 biogeographical areas were defined, from which sub-Saharan Africa, Madagascar-Seychelles-Réunion-Mauritius, IndiaSri Lanka, Australia-Tasmania, New ZealandKermadec-subantarctic Islands, New Caledonia, New Guinea-Solomon-New Hebrides, southern South America, and northern South America represent remnants of the former supercontinent Gondwana. Although these broad regions may be treated as single areas for many species with broad distributions, they certainly represent over-generalized biogeographical areas for many other organisms, and may be a source of potential analytical artefacts (Nelson & Ladiges, 2001; Heads, 2005) . It is in this respect that the present study attempts to evaluate biogeographical relationships of continental landmasses at a finer scale (the term microareas will be used here) by taking into account the phylogenetic relationships of small invertebrates.
The lithobiomorph ('stone centipede') Paralamyctes Pocock, 1901 ; provides a superb example of a temperate circum-Gondwanan distribution. Paralamyctes occurs in southern Africa, Madagascar, southern India, Patagonian Argentina and Chile, eastern Australia, and New Zealand (Fig. 1) , in all the former major Gondwanan land masses except Antarctica. Most species have been the subjects of recent taxonomic descriptions or revisions (Edgecombe, 2001 (Edgecombe, , 2003a (Edgecombe, , b, 2004a , allowing global knowledge and a morphological character data set to be developed for addressing the group's phylogeny. Molecular data have been sampled for five markers for several of the described species (Edgecombe, Giribet & Wheeler, 2002; Edgecombe & Giribet, 2003) .
The present study investigates the relationships among different Gondwanan microareas as resolved by a detailed phylogenetic study of Paralamycte using combined morphological and molecular data. Building on previous systematic work, additional species from South Africa, New Zealand, and Australia are added to the morphological and molecular sample to expand the geographical representation. The expanded taxonomic sample results in all five species of Paralamyctes from southern Africa and five of six named species from New Zealand now being sampled, including molecular data for 20 of the 26 species known to science.
MATERIAL AND METHODS
A REA DELIMITATION Due to the restricted distributions of most of the species studied, narrower biogeographical ranges are used than those typically employed in biogeographical analyses of the Southern hemisphere (Sanmartín & Ronquist, 2004) . In particular, Australia is divided into several areas. Northern and southern New South Wales each harbour endemic species that belong to different clades. These correspond to the areas 'McPherson-Macleay' and 'southern New South Wales' of Crisp, Linder & Weston (1995: fig. 1 ), respectively, except that the Barrington Tops are treated as part of the southern area based on the distribution of Paralamyctes ( Thingathinga ) ? grayi . The two described species of Paralamyctes in Tasmania ( Paralamyctes mesibovi and Paralamyctes subicolus ) are confined to the north-west of the island, where they have extensively overlapping distributions. Northern Queensland and southern Queensland are analysed as two areas because molecular data split the widespread morphospecies Paralamyctes monteithi into separate clades. The former area includes 'Atherton' and part of 'eastern Queensland' of Crisp et al . (1995: fig. 1 ) (i.e. the Eungella region). No representatives of Paralamyctes are found in any other regions of Australia. For the purpose of the present study, New Zealand is treated as a single area because two widely distributed species ( Paralamyctes harrisi and Paralamyctes validus ) have largely overlapping distributions on the North Island. Madagascar, Chile, and southern Africa are treated as single areas. Allopatry indicates that more resolution could be permitted within Madagascar ( Fig. 1 ) but, to date, only a single narrow-range species, Paralamyctes tridens , has been analysed. Two microareas could be delimited for the two species in southern Chile ( Fig. 1 ) but all analyses identify these species as closest relatives; both are confined to the Subantarctic Province of Katinas, Morrone & Crisci (1999 (Veevers, 2001) . Numbers refer to species: 1, quadridens *; 2, tridens ; 3, bipartitus *; 4, newtoni *; 5, prendinii ; 6, asperulus ; 7, weberi ; 8, spenceri ; 9, levigatus ; 10, chilensis ; 11, wellingtonensis ; 12, trailli ; 13, halli ; 14, rahuensis ; 15, validus ; 16, harrisi ; 17, subicolus ; 18, mesibovi ; 19, ginini *; 20, grayi ; 21, cassisi ; 22, hornerae *; 23, neverneverensis ; 24, cammooensis ; 25, monteithi . Asterisks indicate those species that were not sampled. Paralamyctes ( Haasiella ) insularis (not shown) occurs on a post-Gondwanan oceanic island (Auckland Islands).
T AXONOMIC SAMPLING
Morphological characters were coded for the same terminals (specimens) as used in molecular analyses, often utilizing the head and posterior body region for SEM and morphological characterization and some segments for DNA extractions. Outgroups sample the other major clade within Henicopini, the LamyctesHenicops Group (Edgecombe & Giribet, 2003: fig. 3 ). Two species of Lamyctes Meinert, 1868, and one of Henicops Newport, 1844, were coded. The genus Cermatobius Haase, 1885, traditionally classified in the Tribe Zygethobiini, was resolved as most closely related to Paralamyctes in previous molecular and combined analyses (Edgecombe & Giribet, 2003 
MORPHOLOGICAL DATA
Morphological characters that show variation within Paralamyctes and the outgroups were extracted from a published dataset (Edgecombe, 2003c) . Of 57 characters used for higher-level systematics of Henicopidae, 31 are informative for Paralamyctes and the selected outgroups, with one additional character added by Edgecombe (2004a) . All other characters are documented in previous studies (Edgecombe et al., 2002; Edgecombe, 2003c Edgecombe, , 2004b . The character list and data matrix used in the present analysis are available at: http://www.mcz.harvard.edu/Departments/ InvertZoo/giribet_data.htm. Multistate characters are unordered.
Parsimony analysis of the morphological data was executed with NONA, version 2.0 (Goloboff, 1998) . A heuristic search used 1000 random addition replicates and Tree Bisection and Reconnection (TBR) branch swapping, retaining up to ten trees per replicate (hold10000; hold/10; mult*1000). The results of this first round of searches were submitted to TBR swapping without limiting the number of trees (max*).
Jackknife support values (Farris et al., 1996) were calculated with the computer program TNT (Goloboff, Farris & Nixon, 2000) .
MOLECULAR DATA
Procedures for DNA isolation, amplification, sequencing, and editing are as detailed by Edgecombe et al. (2002: 33-34) . The taxa sampled, loci sequenced, and GenBank accession codes are shown in Table 1 .
The four markers include two nuclear ribosomal genes (complete 18S rRNA and the D3 region of 28S rRNA), one mitochondrial ribosomal gene (16S rRNA), and one mitochondrial protein-coding gene (cytochrome c oxidase subunit I; COI hereafter). The ribosomal markers were split into fragments following the protocols developed by Giribet (2001 Giribet ( , 2002 . The complete 18S rRNA locus (excluding primers 1F and 9R) measured between 1815 bp in Paralamyctes trailli and 2272 bp in Henicops maculatus; it was partitioned into 31 fragments with fragment 23 deactivated from the analyses. The deactivated fragment corresponds to a loop in the secondary structure of the 18S rRNA molecule in which the length ranges between 57 bp in P. trailli and 458 bp in H. maculatus. The D3 region of the 28S rRNA fragment measured between 318 bp in the four South African species from Western Cape (P. asperulus, P. levigatus, P. prendinii, and P. weberi) and 442 bp in P. grayi from Mount Barrengarry, New South Wales (amplifying and sequencing the complete D3 region for several specimens proved difficult). The locus was split into seven fragments with fragment 3 deactivated. As in the case of the 18S rRNA, this fragment shows considerable length variation, ranging from 96 bp in the four South African species to 220 bp in P. grayi. The 16S rRNA gene measured between 483 bp in Lamyctes africanus and 513 bp in Paralamyctes cammooensis; the gene was analysed in eight fragments. CO I was sequenced for 25 terminals and analysed as two prealigned fragments because it showed no length variation (657 bp). All these files, as well as the batch files, are available at: http://www.mcz.harvard.edu/Departments/InvertZoo/ giribet_data.htm.
Molecular data and combined morphological and molecular data were analysed using direct optimization (Wheeler, 1996) with POY, version poy_test4 (Wheeler, Gladstein & Delaet, 2002-4) , using parsimony as the optimality criterion. The analyses were executed in parallel on a Linux cluster of 38 processors at clock speeds between 1 and 2.4 Ghz at Harvard University (darwin.oeb.harvard.edu). The search strategy consisted of 100 replicates with initial Tree Fusing (TF) (Goloboff, 1999) followed by Subtree Pruning and Regrafting and TBR branch swapping, each executed in a single processor, followed by another round of TF, executed in parallel. The data were subjected to a sensitivity analysis under multiple analytical parameter sets (Wheeler, 1995) . Gap-tochange ratios of 1, 2, and 4 were employed (change refers to the highest value for a base transformation, i.e. the transversions), together with transversionto-transition ratios of 1, 2, 4, 8, and infinity (= transversion parsimony).
Congruence of parameter sets was evaluated via the Incongruence Length Difference (ILD) modified metric (Mickevich & Farris, 1981) . Jackknife values (Farris et al., 1996; Farris, 1997) with 1000 replicates using a probability of deletion of e −1 for each character are calculated as a measure of nodal support for the parameter set that minimizes overall incongruence. Stability is assessed for the combined analysis of all data and presented in graphic plots (Wheeler, 1995; Giribet, 2003b) .
SUBTREE ANALYSIS
The shortest cladogram for the parameter set that minimized incongruence between data partitions serves as a basis for interpreting biogeography. The taxon-area cladogram derived from that taxonomic cladogram was then assessed for its subtrees (Nelson & Ladiges, 1996) . Under this approach, areas that are redundant (repeated) on the cladogram may render nodes uninformative in terms of biogeographical information. The nodes that provide unambiguous information, or are paralogy-free in the sense of Nelson & Ladiges (1996) , are summarized as a set of subtrees. 
COI, cytochrome c oxidase subunit I. N. QLD; north Queensland; S. QLD, southern Queensland; NSW1, New South Wales 1; NSW2, New South Wales 2; NZ1, New Zealand 1; NZ2, New Zealand 2; NZ3, New Zealand 3.
Subtrees were enumerated using the program TASS (Nelson & Ladiges, 1995) , which also generated a binary character matrix for area relationships expressed in the nodes of the subtrees. The subtrees are then assembled into a minimal tree (Ladiges, Nelson & Grimes, 1997) , which represents the shortest tree derived from the subtree matrix in which all nodes have support and areas are resolved in the most basal position that preserves the length of the shortest tree.
RESULTS AND DISCUSSION
Analysis of the morphological data yielded four shortest cladograms of 67 steps (consistency index 0.60; retention index 0.83; rescaled consistency index 0.49).
The strict consensus of these cladograms is shown in Figure 2 . combe et al., 2002) . No grouping below subgeneric rank receives jackknife values above 50% in the morphological analysis. The ILD value for the combined analysis of all data is minimized for parameter set 111 (where all types of transformations are weighted equally), at a value of 0.0525 (Table 2) . Therefore, the trees obtained under that parameter set are refered to as the optimal trees, according to the explicit optimality criterion defined in the methodological section.
The combined analysis of all molecular data (without morphology) for the optimal parameter set results in three most parsimonious trees at 3717 steps, one of which shows monophyly of the genus Paralamyctes, whereas the other two trees include Cermatobius within the ingroup (Edgecombe et al., 2002; Edgecombe & Giribet, 2003 ; see also Giribet, 2003b) . Of the four proposed subgenera, Thingathinga (a clade of New Zealand and New South Wales species) and Nothofagobius are monophyletic (Fig. 3A) . The subgenus Haasiella is polyphyletic in the three optimal trees, as shown in the strict consensus (Fig. 3A) . In the two trees where Cermatobius clusters within Paralamyctes, Cermatobius is sister to the members of the subgenus Nothofagobius. The subgenus Paralamyctes is monophyletic in two of the shortest trees for the optimal parameter set (trees not shown), or becomes paraphyletic with respect to Nothofagobius in the tree that renders monophyly of the genus Paralamyctes. Due to these major conflicts, the strict consensus of the three shortest trees has considerable irresolution (Fig. 3A) .
The strict consensus of the results obtained under all analysed parameter sets for the combined molecular analysis (without morphology) is largely unresolved, showing incongruence for many nodes. The results of this strict consensus are indicated by an asterisk in Figure 3A , which shows monophyly of the Lamyctes-Henicops Group, Nothofagobius, monophyly of the Chilean species, and monophyly of each of the species P. (Thingathinga) grayi, and P. (T.) validus. The combined analysis of all the molecular and morphological data yielded a single shortest cladogram at 3806 steps (Fig. 3B) . This tree was found in 16 replicates, and no further trees were found after tree fusing. The tree shows nonmonophyly of the genus Paralamyctes, which includes the zygethobiine genus Cermatobius as sister to P. (P.) tridens from Madagascar. The rest of the members of the subgenus Paralamyctes form a monophyletic group with the African species branching in three lineages. From this group, only two pairs of species receive jackknife supports above 50%; two species from southern South Africa, P. asperulus and P. levigatus, and the two members from the northern part of the distribution of P. monteithi. A clade composed of the two Australian species of Nothofagobius is well supported by the data (100% jackknife support). The remaining species form a clade containing two Haasiella clades, the Chilean species (without subgeneric assignation), and a monophyletic Thingathinga. Jackknife support for several of the relationships within this clade is above 50% (Fig. 3B) .
The strict consensus of all parameter sets for the analyses combining morphology and molecules (indicated by asterisks on branches in Figure 3B reveals a pattern almost identical to that described for the analysis of the molecular data alone, except for the monophyly of P. (T.) grayi from New South Wales and the sample from the Barrington Tops, New South Wales, labelled as P. (T.) ?grayi. Therefore, stability analysis does not provide unequivocal support for any species groups encompassing distant geographical distributions. Resolution in this study, which includes most of the diversity within the genus Paralamyctes (i.e. a more complete sampling than that described by Edgecombe et al., 2001; Edgecombe & Giribet, 2003) , is lower than in our previous studies when comparing the strict consensus of all parameter sets. One obvious reason for such a difference is the analytical conditions explored in our previous studies (12) vs. the 15 parameter sets here utilized, which makes our current study more stringent. It is well known that the more parameter sets explored, the more possibilities for disrupting monophyly of a given clade. Another factor could be that the incorporation of more sequence variability in the present study results in some 'wild card' taxa that are especially unstable.
The issue of the monophyly of the genus Paralamyctes and the position of Cermatobius has been discussed in previous studies on phylogeny of Henicopidae [Edgecombe et al., 2002 (as Esastigmatobius) ; Edgecombe & Giribet, 2003 ; see also Giribet, 2003b] and the data presented in the present study do not provide decisive resolution. In both the molecular and the combined molecular plus morphology analyses, the Palearctic/Oriental genus Cermatobius (members described from Japan, Taiwan, Greater Sundas, and Kirghizia) nests within the Gondwanan Paralamyctes under the parameter set that minimizes overall incongruence although, in seven suboptimal parameter sets, it appears as sister to Paralamyctes. Among the resolutions in which Cermatobius falls within Paralamyctes, its placement is highly variable. The molecular evidence for Cermatobius within Parala- myctes receives some corroboration from morphology (Fig. 2) . Because of the labile placement of Cermatobius, the data were explored with it excluded. Those analyses find P. (Paralamyctes) to be strictly monophyletic for morphological, molecular and combined data (Fig. 4B) , with the Malagasy species P. (P.) tridens resolved in the same New Zealand-MadagascarQueensland clade for morphology, molecules, and combined data. This group, which includes P. tridens, P. harrisi, P. rahuensis and P. monteithi, is present in seven suboptimal parameter sets for the combined data, including Cermatobius (Fig. 5) . Exclusion of Cermatobius shifts Australian species of Nothofagobius from a basal position in Paralamyctes to sister of a clade that includes P. (Haasiella), the Chilean species, and P. (Thingathinga). Within that latter large group, internal relationships are identical for the combined data for parameter set 111 with or without Cermatobius. As such, the major biogeographical consequences of including or excluding Cermatobius are the variable position of Madagascar on the area cladogram and the monophyly of Gondwanan Paralamyctes.
BIOGEOGRAPHICAL IMPLICATIONS
Paralamyctes constitutes one of few cladistically analysed zoological groups with a strictly Gondwanan distribution that has been reported from most of the land masses of the former supercontinent [for another example, see the opilionid family Pettalidae (Giribet, 2003a) , as discussed below].
The taxon-area cladogram for all taxa and all characters (morphological and molecular) under the optimal parameter set (Fig. 4A) reduces to four informative subtrees (Fig. 6A, B, C, D) . The most highly resolved subtree is derived from the subgenus P. (Paralamyctes), and contains five internal nodes (Fig. 6A) . We suggest that sensitivity analysis (Fig. 5) is a useful tool for assessing the taxonomic basis of nodes in subtrees. The nodes that group northern New South Wales + southern Queensland and north Queensland + New Zealand are based upon taxonomic hypotheses that withstand multiple analytical parameter sets (see discussion below), but two of the nodes in Figure 6A are based on taxonomic groupings that are resolved only under the optimal parameter set. These parameter-sensitive nodes are the source of the relationship between Laurasia + Madagascar (Cermatobius + P. tridens) and southern Africa as sister to northern New South Wales and southern Queensland (P. spenceri as sister to Paralamyctes neverneverensis + southern population of P. monteithi). These unstable nodes are regarded as less reliable for formulating biogeographical hypotheses. The resolution of parts of Laurasia (SE Asia) and Madagascar (+ India) as a biogeographical grouping separate from Africa, New Zealand, southern South America, and Australia is shared by the insect cladogram of Sanmartín & Ronquist (2004: Fig. 7B ).
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The three smaller subtrees (Fig, 6B , C, D) contain only one or two informative nodes, but each of these nodes is founded upon stable taxonomic hypotheses. A node uniting New Zealand and north Queensland in Figure 6B is based on the sister species relationship between P. halli and P. cammooensis, which are united in 11 of 15 explored parameter sets (Fig. 5) , and receives a jackknife value of 88% for the optimal parameter set (Fig. 3A) . This node corroborates a node in another subtree (Fig. 6A) , which also resolves a New Zealand + north Queensland grouping; in that case, based on P. harrisi and populations of P. monteithi. An alternative sister group relationship between P. rahuensis and P. monteithi in 11 suboptimal parameter sets (Fig. 5) provides the same biogeographical grouping of north Queensland and New Zealand. The sister species relationship between P. trailli and P. subicolus under 13 of 15 parameter sets (Fig. 5) provides the basis for the New Figure 6C , being present in 70% of jackknife replicates for the optimal combined cladogram (Fig. 3A) . The New Zealand + southern New South Wales node in the subtree shown in Figure 6D is derived from the monophyly of P. (Thingathinga), which is stable for 13 of 15 parameter sets for combined data.
The subtrees in Figure 6C , D relate Chile to southeastern Australia (Tasmania and southern New South Wales) and New Zealand. The taxonomic basis for this statement is a clade that unites the two Chilean species Paralamyctes chilensis and Paralamyctes wellingtonensis with P. (Thingathinga) and parts of P. (Haasiella). This group is taxonomically stable across 13 parameter sets for combined data (Fig. 5) and its interrelationships withstand the exclusion of the labile taxon Cermatobius (compare Fig. 4A, B) . The subtrees in Figure 6C , D both support the relationship [(Chile + New Zealand) Laurasia, Madagascar].
The four subtrees are 100% consistent with each other and, as noted above, each includes a node that corroborates a node in another subtree. The minimal tree (Fig. 6E ) has six nodes. Among these, different parts of Australia are observed to have closer relationships with other geographical areas; as noted above, some of the nodes that split Australian areas are taxonomically stable (relationship between north Queensland and New Zealand) whereas others are dependent upon very specific analytical parameters (relationship of southern Africa to northern New South Wales and southern Queensland). The discovery that Australian microareas have different relationships to other Gondwanan areas was anticipated by Weston & Crisp (1994) , who cautioned that assumptions of 'monophyly' of large continental blocks such as Australia were unwarranted. Analysis using finer geographical delimitation permits such hypotheses to be tested. The conventional geological/ climatic model for relationships between the eastern Group, 1990) .
In light of the labile positioning of Cermatobius, the biogeographical context for the taxon-area cladogram with it excluded was also examined. That cladogram (Fig. 4B) reduces to three informative subtrees (Fig. 7A, B, C) . The subtree from P. (Paralamyctes) (Fig. 7A ) conforms to the standard hypothesis for Gondwanan vicariance in that Africa is resolved basal to other areas, but also shows an unorthodox relationship between Madagascar and New Zealand. Interrelationships of areas in Australia and New Zealand are as in the analysis including Cermatobius (Fig. 6A) , except that Madagascar is resolved with New Zealand based on the grouping of P. tridens and P. harrisi. Two subtrees with a single component each unite species from New Zealand and Tasmania (Fig. 7B) and New Zealand and southern New South Wales to the exclusion of species from Chile. The taxonomic stability of these groupings from P. (Haasiella) and P. (Thingathinga), respectively, is discussed above. The three subtrees are 100% consistent with each other but none of their nodes provides any corroboration because none of them share three areas. The minimal tree (Fig. 7D) has five internal nodes. Microareas within Australia L a u r a s i a M a d a g a s c a r C h i l e T a s m a n i a S . N S W N . Q u e e n s l a n d N e w Z e a l a n d S . A f r i c a N . N S W S . Q u e e n s l a n d L a u r a s i a + M a d a g a s c a r N e w Z e a l a n d N . Q u e e n s l a n d S . Q u e e n s l a n d N . N S W S . A f r i c a N e w Z e a l a n d N . Q u e e n s l a n d L a u r a s i a M a d a g a s c a r L a u r a s i a + M a d a g a s c a r N e w Z e a l a n d T a s m a n i a C h i l e L a u r a s i a + M a d a g a s c a r N e w Z e a l a n d S . N S W C h i l e S . A f r ic a C h il e T a s m a n ia S . N S W S . Q u e e n s la n d N . N S W N . Q u e e n s la n d M a d a g a s c a r N e w Z e a la n d C h il e N e w Z e a la n d T a s m a n ia N e w Z e a la n d M a d a g a s c a r N . Q u e e n s la n d N . N S W S . Q u e e n s la n d S . A f r ic a (Fig. 5) . In the optimal parameter set, they are clustered as a grade including three lineages at the base of P. (Paralamyctes) whether Cermatobius is included or excluded. As such, paralogous nodes (sensu Nelson & Ladiges, 1996) relating to southern Africa are confined to one part of the taxon-area cladogram. The nodes relating southern Africa to Australia to the exclusion of Chile or Madagascar (Fig. 6E) are also found in a cladogram for the opilionid family Pettalidae (Giribet, 2003a) . In that case, southern Africa, Queensland, and New Zealand are grouped to the exclusion of Western Australia (no pettalids are known from New South Wales or Tasmania). Subtree analysis always rendered the Australian fauna polyphyletic.
The present study shows the importance of using microareas when reconstructing vicariance events of small invertebrates because of their often restricted distributions and the large size of the traditionally defined areas (for a division of areas within Australia using vertebrates, see Cracraft, 1991) , although these microareas may vary between organisms depending on distribution ranges or ability to disperse. In the more specific context of subtree analysis, considerable paralogy in the taxon-area cladograms (Fig. 4A, B) was provided by species from New Zealand, which have several competing Trans-Tasman sister area hypotheses [New Zealand + north Queensland provided by P. (Paralamyctes) and P. (Haasiella); New Zealand + Tasmania provided by P. (Haasiella); New Zealand + southern New South Wales provided by P. (Thingathinga)]. The redundancy or paralogy of New Zealand across the cladogram as a whole may reflect an error in area delimitation, as previously identified by Nelson & Ladiges (1996 ) and Heads (1999) . The present case is constrained by the sympatry of Paralamyctes species in New Zealand, which do not permit more precise geographical resolution (i.e. meaningful microareas within New Zealand) that could potentially eliminate spurious paralogy. This paralogy could also be explained by subsequent extinction episodes in eastern Australia subsequent to New Zealand and other fragments of Tasmantis splitting from Australia and Antarctica c. 80 Mya (McLoughlin, 2001) , and it is difficult to explain genetic exchange between New Zealand and Australia after their separation.
In the case of Australia, the standard assumption of continental 'monophyly' appears to provide a source of spurious geographical paralogy. Using more precise areas of endemism not only permits resolution of geographical relationships at a finer scale, but also can eliminate artefactual paralogy (Heads, 2005) . This is analogous to the current debate over whether to use species or supraspecific terminals for cladistic analyses (Prendini, 2001) , with one of the main disadvantages of using supraspecific taxa being the impossibility of testing for their monophyly. The microarea approach does not prohibit 'reassembling' continental areas to explore alternative patterns. For example, it remains possible to retrieve a repeated pattern of (southern South America (Australia + New Zealand)) in our subtrees (Figs 6C, D and 7B, C) , corresponding to the so-called 'plant southern pattern' of Sanmartín & Ronquist (2004) .
